Key indicators: single-crystal X-ray study; T = 116 K; mean (C-C) = 0.003 Å; R factor = 0.048; wR factor = 0.130; data-to-parameter ratio = 15.9.
Related literature
For general background, see: Kay et al. (2004) . For related literature, see: Gainsford et al. (2007 Gainsford et al. ( , 2008a ; Marder et al. (1993) ; Li et al. (2005) . For a similar herringbone structure, see: Desiraju & Gavezzotti (1989) .
Experimental
Crystal data C 20 H 20 N 4 O M r = 332.40 Orthorhombic, Pbca a = 12.6766 (13) Å b = 11.7603 (13) Å c = 24.164 (3) Å V = 3602.4 (7) Å 3 Z = 8 Mo K radiation = 0.08 mm À1 T = 116 (2) K 0.32 Â 0.25 Â 0.07 mm
Data collection
Bruker Nonius APEXII CCD areadetector diffractometer Absorption correction: multi-scan (SADABS; Sheldrick, 1996) T min = 0.494, T max = 1.0 (expected range = 0.491-0.995) 20272 measured reflections 3641 independent reflections 2078 reflections with I > 2(I) R int = 0.081 Refinement R[F 2 > 2(F 2 )] = 0.048 wR(F 2 ) = 0.129 S = 0.98 3641 reflections 229 parameters H-atom parameters constrained Á max = 0.26 e Å À3 Á min = À0.27 e Å À3 Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) x þ 1 2 ; Ày þ 1 2 ; Àz þ 1; (ii) x; Ày þ 1 2 ; z þ 1 2 . Table 2 Selected bond lengths and angles (Å , ) in the title compound and related compounds.
Compound (I) is the title compound, (II) is the closely related buta-1,3-dienyl equivalent (Gainsford et al., 2008c) , (III) is the piperidin-1-yl equivalent of (II) (Gainsford et al., 2008b) and (IV) is the starting acceptor molecule 2dicyanomethylene-4,5,5-trimethyl-2,5-dihydro-furan-3-carbonitrile (Li et al., 2005) Data collection: APEX2 (Bruker, 2005) ; cell refinement: APEX2; data reduction: SAINT (Bruker, 2005) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 (Farrugia, 1997) and PLATON (Spek, 2003) ; software used to prepare material for publication: SHELXL97, PLATON and Mercury (Macrae et al., 2006) .
We thank Dr J. Wikaira and Dr C. Fitchett of the University of Canterbury, New Zealand, for their assistance with the data collection.
2-{3-Cyano-5,5-dimethyl-4-[6-(pyrrolidin-1-yl)hexa-1,3,5-trienyl]-2,5-dihydro-2-furylidene}malononitrile G. J. Gainsford, M. D. H. Bhuiyan and A. J. Kay
Comment
We have previously reported on the synthesis of a number of high figure of merit chromophores for nonlinear optics (Kay et al., 2004) , and the X-ray crystallographic and structural properties of crucial dye precursors used [Gainsford et al., 2007; Gainsford et al., 2008a (hereafter III) ; Gainsford et al., 2008b (hereafter II) ]. We report here the crystallographic data of another molecule derived from a chromophore precursor and summarize the structural details of this and closely related compounds.
The asymmetric unit contents of the title compound (I) is shown in Fig. 1 . The molecule possesses approximately planar geometry with a major tilt between the pendant planar dicyanomethylene groups (N1,N2,C1-C3) and the "CDFP" 5-membered ring plane (O1, C4-C7) of 11.56 (14)°. The polyene chain atoms (C4,C11-C16), which are coplanar with r.m.s. deviations of 0.026 (2) Å, make an angle of 2.07 (15)° to the "CDFP" ring plane. The pyrrolidin-1-yl ring adopts an envelope configuration with C19 the flap atom at 0.551 (2) Å out of plane (Spek, 2003) .
Selected geometrical values for (I), the closely related buta-1,3-dienyl equivalent (II) (Gainsford et al., 2008c) , the piperidin-1-yl equivalent of II (III) (Gainsford et al., 2008b) and the starting acceptor molecule 2-dicyanomethylene-4,5,5trimethyl-2,5-dihydro-furan-3-carbonitrile (IV) (Li et al., 2005) are collected in Table 2 . Delocalization is apparent through the polyene chain and CDFP fragment (e.g. compare C4-C7 & C4-C11 bond lengths). Bond length alternation (BLA) calculations (Marder et al., 1993) The molecules are arranged in planes ( Fig. 2) with the well known "herringbone" motif (Desiraju & Gavezzotti, 1989) .
The polyene C-H attractive interactions with adjacent cyano nitrogen atom N3 (principally entry 1, Table 1 ), commonly observed for these molecules (Gainsford et al., 2008a) , link adjacent molecules which lie parallel to each other and the 0,1,-2 plane. The other two main methylene H···N (cyano) interactions (entries 3 & 4, Table 2 ) link to the other (herringbone) planes which are parallel to the 0,1,2 plane.
Experimental
To a solution of 5.8 mmole of {4-(4-Acetanilido-trans,trans-1,3,5-hexatrienyl) -3-cyano-5,5-dimethyl-2(5H)-furanylidene}propanedinitrile (Compound 11c, Kay et al., 2004) in 30 ml of ethanol was added an equimolar quantity of pyrrolidine. The solution was refluxed 1 h, cooled and the product collected by filtration and washed with ethanol. λ max 645 nm (pyridine); 630 nm (DMF) log 10 ε 5.11. Final crystallization was from dichloromethane. supplementary materials sup-2 Refinement All methyl and other H atoms were refined with U iso 1.5 & 1.2 times respectively that of the U eq of their parent atom using riding models. All non-hydrogen atoms were refined with anisotropic thermal parameters. Fig. 1 . Molecular structure of the asymmetric unit (Farrugia, 1997) ; displacement ellipsoids are shown at the 50% probability level. Table  1 ). Colours: Nitrogen, blue; Oxygen, red; Carbon, black. Refinement. An extinction parameter was refined. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Figures
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (14) 0.0211 (10) 0.0005 (10) −0.0004 (9) −0.0017 (10) C12 0.0308 (13) 0.0356 (13) 0.0212 (10) −0.0004 (10) 0.0017 (9) 0.0004 (9) C13 0.0328 (13) 0.0339 (13) 0.0204 (10) 0.0013 (10) 0.0011 (9) −0.0007 (9) C14 0.0337 (13) 0.0308 (12) 0.0186 (10) −0.0008 (10) 0.0022 (9) 0.0030 (9) C15 0.0336 (13) 0.0327 (13) 0.0190 (10) 0.0002 (10) 0.0015 (9) 0.0008 (9) C16 0.0341 (13) 0.0303 (12) 0.0200 (10) 0.0023 (10) 0.0048 (9) 0.0029 (9) Symmetry codes: (i) x+1/2, −y+1/2, −z+1; (ii) x, −y+1/2, z+1/2.
Table 2
Selected bond lengths and angles (Å,°) in the title compound and related compounds Compound (I) is the title compound, (II) is the closely related buta-1,3-dienyl equivalent (Gainsford et al., 2008c) , (III) is the piperidin-1-yl equivalent of (II) (Gainsford et al., 2008b) and (IV) is the starting acceptor molecule 2-dicyanomethylene-4,5,5-trimethyl-2,5dihydro-furan-3-carbonitrile (Li et al., 2005) ? 
